Abstract. Nestin, a class VI intermediate filament protein, was originally described as a neural stem cell/progenitor cell marker. Expression of nestin has been reported to be associated with the migration and metastasis of various types of tumor. In the present study, we examined the expression of nestin in malignant melanomas and nevi. Immunohistochemically, nestin was detected in all compound nevi, but not in the majority of junctional nevi. Nestin was expressed at particularly high levels in nevi with neurotization. In melanoma, nestin was expressed in all T3 and T4 cases, but only in half of the cases of T2 or less severe disease. These results indicate that the expression levels of nestin in melanoma are associated with advanced disease. In conclusion, nestin was expressed in advanced melanoma tissues and neurotized nevi. Nestin may be an important marker of melanocytic neoplasms. Further studies are required to elucidate the regulatory mechanisms of nestin expression and to examine the possibility of nestintargeted therapy for malignant melanomas.
Introduction
The incidence of malignant melanoma is increasing worldwide (1) . Although melanoma accounts for only 4% of skin cancer cases (2) , it accounts for 79% of skin cancer-related deaths (3) . Melanoma can be cured if excised at an early stage. However, once tumors have disseminated to distant organs, systemic chemotherapy induces a complete response in less than 2% of cases and the median survival time is 9 months (4). Novel therapies were recently approved for advanced melanoma by the US Food and Drug Administration (5), including vemurafenib, a BRAF inhibitor, for patients positive for the BRAFV600E mutation, and ipilimumab, an inhibitor of CTLA-4 (cytotoxic T lymphocyte-associated antigen 4), that indirectly activates T-cell mediated antitumor immune responses (6) . Furthermore, several drugs targeting specific oncogenes or signaling pathways, including cKIT, NRAS, PI3K and MITF, are now in clinical development (7) . Further studies aimed at developing novel therapeutic approaches for melanomas are expected to improve the prognosis of this disease.
Nestin, a class VI intermediate filament protein, was origi-originally described as a neural stem cell marker expressed during the development of the central nervous system (8) . Nestin is expressed throughout the dermis in the early embryo, but it is subsequently restricted to the follicular connective tissue sheaths later in development and to hair follicles after birth (9) . Nestin-positive hair follicle cells located just above the bulge area can differentiate into various cell types during wound healing (9, 10) and can regulate the neovascularization of the dermis in association with the hair growth cycle (11) . Thus, nestin-positive cells have been considered to be stem cells of the follicular mesenchyme and nestin has been shown to have an important regulatory role in dermal homeostasis and cutaneous neovasculogenesis (9) .
Nestin has also been reported to be present in various neoplasms, including pancreatic cancer (12, 13) , prostate cancer (14) , breast cancer (15), glioblastomas (16) , gastrointestinal stromal tumors (17) , trichoblastoma (18) , trichilemmoma (19) , squamous cell carcinoma of the skin (20) , angiosarcoma (17) , dermatofibrosarcoma (9,21) and malignant melanomas (22) . A number of studies have shown that nestin expression in human melanomas correlates with a poor prognosis (17, (23) (24) (25) (26) . Nestin has been reported to be overexpressed in advanced stages of melanoma (25) , at the invading front (24) and at sites of melanoma metastases (22, 23, 27) . Furthermore, nestin-and CD133-positive circulating melanoma cells were detected in the peripheral blood of patients with advanced-stage melanoma (28) and the number of nestinpositive circulating melanoma cells was associated with short overall survival time (29) . These data indicate that nestin may be significantly involved in the invasion and distant metastasis of melanomas.
We hypothesized that nestin could be a marker of melanocyte immaturity and a novel therapeutic target for melanoma. In this study, we examined nestin expression in melanocytic nevi and at different stages of malignant melanoma in order to evaluate its potential as a marker of melanocytic neoplasms and as a therapeutic target for malignant melanomas. Immunohistochemistry. Paraffin-embedded tissue sections (3 µm) were immunostained using Histofine Simple Stain MAX PO (M) kits. Following deparaffinization, endogenous peroxidase activity was blocked by incubating sections with 0.3% hydrogen peroxide in methanol for 30 min. Sections were then incubated overnight at 4˚C in the absence (negative controls) or presence of monoclonal anti-nestin antibody (diluted 1:200). Bound antibodies were detected with Histofine kits, using diaminobenzidine-tetrahydrochloride as a chromogen.
Nestin is highly expressed in advanced-
Immunohistochemically stained tissues were considered positive for nestin expression when staining was noted in the cytoplasm of >10% of the cells, regardless of the intensity of staining (13) . Two investigators (Michiko Akiyama and Yoko Matsuda) separately evaluated all the specimens in a blinded manner.
In situ hybridization. A 235-bp BamHI-EcoRI cDNA fragment, corresponding to nucleotides 1045-1227 of the human nestin cDNA sequence, was subcloned into the pGEM-T vector and the presence of the insert was confirmed by sequencing. Probes were labeled with DIG-UTP using SP6 or T7 RNA polymerase and the DIG RNA-labeling kit. In situ hybridization was carried out as previously described (13) . Tissue sections were deparaffinized and incubated with 0.2 M HCl for 20 min at room temperature (RT) and then with 100 µg/ml proteinase K for 15 min at 37˚C. The sections were postfixed in phosphate-buffered saline (PBS) containing 4% paraformaldehyde for 5 min, then incubated twice with PBS containing 2 mg/ml glycine for 15 min each and then incubated once with 2X standard saline citrate (SSC) containing 50% formamide for 1 h, prior to the initiation of the hybridization reaction. Statistical analysis. All quantitative data are presented as the means ± SEM. The association of nestin expression levels and clinicopathological features was assessed by the χ 2 test. Data for 2 groups were compared using the Student's t-test. P<0.05 was considered to indicate statistically significant differences. Computations were performed using the StatView J version 5.0 (SAS Institute, Inc., Cary, NC, USA).
Results

Immunohistochemical analysis of nestin in nevi.
Immunohistochemical analysis was used to examine the localization of nestin expression in nevi (N=53). We divided these nevi into 2 groups: junctional, nevus cells located within the epidermis; and compound, nevus cells in the dermis or in both the dermis and epidermis. The junctional nevi consisted of Clark type and the compound nevi consisted of Unna, Miescher and Clark type nevi according to the classification by Ackerman and Magana-Garcia (31). Expression of nestin was detected in all the compound nevi (N=27, 100%) and was particularly high in the nevus nest, which showed neural differentiation ( Fig. 1A and B) , whereas only 4/26 junctional nevi were positive for nestin (15.4%) (Fig. 1C and D) . The χ 2 test showed that difference in the percentage of nestin-positive nevi was statistically significant between the compound and junctional types (P<0.05) (Table I) . Thus, nevus cells in the epidermal or superficial dermal area tended to be nestin-negative, whereas nevus cells in the deep dermis were nestin-positive. Immunohistochemical analysis of nestin in malignant melanoma. Immunohistochemical analysis was performed to examine the localization of nestin expression in malignant melanomas (N=17). Nestin was present in the cytoplasm of tumor cells in 14 of the 17 melanoma cases (82.4%) ( Fig. 2A and B and Table I ). Melanoma cells in epidermal or superficial dermal areas tended to be nestin-negative ( Fig. 2C and D) , whereas melanoma cells in the deep dermis or thickened melanoma were nestin-positive. Consistent with previous reports, all cases of stage IV (N=8, 100%) and stage III melanoma (N=3, 100%) were nestin-positive, whereas 2 of the 3 stage II melanoma cases (66.7%) and 1 of the 3 stage I and Tis melanoma cases (33.3%) were nestin-positive. The χ 2 test indicated a statistically significant relationship between melanoma T stage (Tis-T2 vs. T3-T4) and nestin expression (P<0.05) ( Table I) .
Immunohistochemical and in situ hybridization analyses of nestin expression in malignant melanoma. Subsequently, we analyzed serial sections of human melanomas for nestin expression by using in situ hybridization. These experiments revealed that nestin protein and mRNA were strongly expressed in some of the melanoma cells (Fig. 3B and C, arrows) . The control sense probe did not produce a signal (Fig. 3D) . Serial sections from 3 additional melanoma tissues were analyzed for nestin expression by using immunohistochemical staining and in situ hybridization and showed similar expression patterns (data not shown).
Percentage of nestin-positive cells in melanomas and nevi.
We divided melanoma cases into 2 groups: Tis-T2 and T3-T4. Nestin expression was significantly higher in T3-T4 melanomas, in which tumor thickness is >2 mm, than in Tis-T2 melanomas, in which tumor thickness is ≤2 mM (P<0.05) (Fig. 4) . Nestin expression was also significantly higher in compound than in junctional nevi (P<0.05) (Fig. 4) .
Discussion
In this study, nestin was expressed in all the compound nevi, which have dermal nests of nevus cells, whereas only a small number of junctional nevi showed nestin expression. Of note, nestin was strongly expressed in the nevus nests in the dermal area that show what is referred to as neurotization (32) . Nevus cells are derived from neural crest cells, which give rise to diverse cellular phenotypes, including Schwann, glia and melanocytes (33) . It has been suggested that nevi with neuroid changes are transformed from Schwann cells, or, alternatively, may result from a natural regression of nevus cells (32) . Thus, the strong nestin expression in neurotized nevus cells may relate to it being a neural stem/progenitor cell marker.
In malignant melanoma, nestin expression was observed in all T3 and T4 melanomas, in which tumor thickness is more than 2 mm, but only in half of the T2, T1 and Tis tumors, in which tumor thickness is 2 mm or less. This stepwise increase in nestin expression is consistent with previous reports (23, 25, 26) . We also observed strong nestin expression in the peripheral area or invading front of the tumor in some T4 cases, a finding that is in accordance with previous results (24, 25) .
A critical question that has yet to be clarified is whether, in melanoma tumorigenesis, the cell that initiates melanoma is a cancer stem cell. Herein, we showed that nestin was expressed in both malignant melanomas and nevi, an observation that is significant with respect to the origin and/or behavior of these tumors. Consistent with previous reports, we also showed that the expression of nestin was increased in advanced-stage melanomas (25) . The mechanism that underlies this increase remains unknown, but it may be associated with the increase in stem/progenitor-like cells caused by the dedifferentiation of In conclusion, nestin was expressed in advanced melanoma tissues and neurotized nevi. Nestin is therefore a potentially important marker of melanocytic neoplasms; however, further studies are required to elucidate the molecular processes that regulate nestin expression and to evaluate the potential of nestin-targeted therapy for malignant melanomas.
